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ABSTRACT 


Grain  production  occupies  a  prominent  position  in 
Alberta's  agricultural,  as  well  as  in  its  total,  economy. 
However,  grain  producers  operate  under  conditions  of 
continual  change  brought  about  by  flows  of  new  technology 
and  improvements  in  managerial  skills.  The  average  farm 
size  and  number  of  farms  in  Alberta  agriculture  have, 
therefore,  changed  considerably  over  time. 

Given  these  conditions,  farmers  and  other  groups, 
such  as  farm  organizations,  county  and  provincial  govern¬ 
ments,  and  farm  service  agencies,  are  justifiably  concerned 
about  the  optimal  farm  size,  in  terms  of  unit  cost  of 
production,  for  grain  production.  The  existence  of  this 
study  is  further  justified  by  the  fact  that  as  yet  no 
studies  of  grain  farm  size-efficiency  relationships  have 
been  done  in  Alberta. 

The  primary  objective  of  this  study  is  to  determine 
farm  size-efficiency  relationships  for  a  southern  Alberta 
grain  region,  and  thus  to  examine  whether  current  trends 
of  increasing  average  farm  size  are  conducive  to  efficiency 
in  grain  production. 

Linear  programming,  one  of  the  most  efficient  tools 
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for  deriving  a  long  run  average  cost  curve  in  economies 
of  size  studies,  is  used.  The  actual  farm  records  from 
68  farms  in  the  Southern  Alberta  grain  region  were  stra¬ 
tified  to  provide  seven  composite  benchmark  farm  sizes. 
Several  observations  concerning  income  taxes  and  their 
effects  on  economies  of  size  are  made;  such  interpretations 
are  frequently  neglected  in  the  determination  of  efficiency. 
The  progressive  tax  policy  can  create  significant  diseco¬ 
nomies  in  certain  situations. 

The  important  conclusion  of  this  study  is  that, 
under  current  conditions,  an  increase  in  average  farm  size 
leads  to  greater  efficiency  in  Southern  Alberta  grain 
production.  A  two  section  grain  farm  in  Census  Division 
5  appears  to  be  the  most  efficient  in  terms  of  unit  cost, 
under  current  production  technology.  The  long  run  average 
cost  curve  remained  relatively  flat  over  large  output 
levels,  indicating  small  change  in  unit  cost,  once  a  cer¬ 
tain  farm  size  is  achieved. 
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CHAPTER  I 


INTRODUCTION 


Developed  commercial  agricultural  production  in 
Alberta  has  a  relatively  short  history.  The  process  of 
agricultural  settlement  in  Alberta  has  taken  place 
mainly  since  she  became  a  province  in  1905.  New  land 
settlement  occurred  on  the  basis  of  small  allotments  of 
160  acres  per  family  in  accordance  with  the  Homestead 
Acts  common  in  North  America.  Consequently,  the  size 
of  newly  established  farms  was  limited  under  settlement 
regulations  that  were  still  being  followed  as  recently 
as  the  World  War  II  period.  This  situation  undoubtedly 
has  had  a  profound  effect  on  farm  size  in  Alberta  and' 
has  also  restricted  its  growth. 

The  first  half  of  the  20th  century  has  been 
characterized  by  a  continuous  flow  of  labor  reducing 
technology.  In  fact,  many  have  called  this  period  the 
period  of  the  Agricultural  Revolution.  More  new  devel¬ 
opments  have  occurred  in  Western  agriculture  over  the 
past  50  years  than  over  the  previous  500.  This  trend 
has  resulted  from  the  drive  for  economic  efficiency  at 
the  individual  farm  level.  Thus  the  pressure  for  ex- 
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pansion  of  farm  size  in  Alberta,  especially  in  grain 
farming  regions  adaptable  to  a  high  degree  of  mechaniza¬ 
tion,  has  been  great. 

General  statistics  about  trends  in_  size  of 
Alberta  farms  indicate  that  the  average  area  per  farm 
in  acres  has  increased  by  22  per  cent,  from  579  to  706 
acres  during  the  period  from  1956  to  1966.  During  the 
same  decade  the  number  of  Alberta  census  farm  has  de¬ 
creased  by  12.6  per  cent,  from  79,396  to  69,411.^ 

These  trends  tend  to  support  the  hypothesis 
that  small  firms  have  high  costs  and,  therefore,  do 
not  survive  in  a  competitive  economy.  To  assume  that 
unit  cost  economies  are  the  only  cause  of  increasing 
farm  size  would,  of  course,  be  naive,  for  there  may  be 
other  more  significant  causes  responsible  for  current 
trends.  The  complexity  of  the  problem  does  not  enable 
us  to  give  unambiguous  answers  as  to  what  are  the 
dominant  incentives  for  the  increase  in  Alberta  farm 
sizes.  Farmers  may  simply  want  to  increase  their 
incomes,  for  example,  and  this  provides  a  strong  incen¬ 
tive  to  enlarge  the  size  of  farm.  Caution  must  be 
exercised  in  attributing  increasing  farm  size  to  any 
one  particular  cause. 


■^Alberta  Department  of  Agriculture,  Agricultural 
Statistics  for  Alberta  (Edmonton:  ADA,  1966) . 
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Regardless  of  the  reasons,  the  farms  in  Alberta 
have  become  larger  and  more  highly  commercial,  and 
smaller  units  have  tended  to  disappear  from  the  picture. 
From  past  experience  it  is  plausible  to  assume  that 
these  trends  will  continue. 

Problems  of  how  large  a  farm  must  be  to  operate 
most  efficiently  in  terms  of  lowest  cost  per  unit  of 
output  have  concerned,  not  only  farmers  themselves,  but 
also  farm  leaders,  government  officials,  businesses 
serving  agriculture,  and  agricultural  policy  makers  in 
general.  Questions  related  to  the  economies  of  farm  size, 
with  respect  not  only  to  economic,  but  also  to  sociologi¬ 
cal  issues,  continue  to  be  raised.  The  opinion  that 
larger  farms  are  more  efficient  until  management  limita¬ 
tions  become  restrictive  generally  prevails.  Taking  into 
consideration  not  only  the  gains  in  production  efficiency, 
but  also  the  less  tangible  yet  important  losses  to  society 
through  added  costs  of  rural  adjustment,  the  expansion  of 
farm  size  and  the  reduction  of  number  of  farms  may  have 
penalties  as  well  as  rewards  for  the  residents  of  a  rural 
community,  especially  when  farmers  tend  to  avoid  the 
production  of  labor  intensive  products. 

However,  this  study  is  concerned  with  only  one 
aspect  of  the  problem,  namely  whether  the  expansion  of 
farm  size  in  Alberta  is  necessary  for  efficient  produc- 
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tion.  It  would  seem  useful  to  ascertain  what  size  of 
operation  appears  most  efficient  in  terms  of  production 
costs.  The  problem,  therefore,  is  to  determine  cost- 
size  relationships  on  Alberta  grain  farms  in  order  to 
assist  agricultural  policy  makers,  as  well  a3  farm 
managers  themselves,  in  decision  making. 

More  specifically  the  objectives  are: 

1.  To  determine  the  efficiency  of  production  in 
terms  of  total  cost  per  unit  of  output, 

for  grain  farms  of  different  acreage  sizes. 

2.  To  determine  profits  for  different  farm  sizes. 

3.  To  examine  cost  structures  for  different  farm 
sizes . 

4 .  To  examine  the  impact  of  noncorporate  and 
corporate  provincial  and  federal  income  taxes 
on  economies  of  size. 

The  results  of  the  study  are  intended  to  be  ex¬ 
planatory  rather  than  predictive.  However,  they  may  be 
useful  in  formulating  managerial  recommendations. 

For  this  study,  an  area  of  approximately  30 
miles  square  lying  in  the  heart  of  the  wheat  producing 
area  in  Alberta  was  selected.  All  farms  sampled  were 
located  on  heavy  clay  soils  in  the  Drumheller-Morrin- 
Three  Hills-Rosebud  region  as  shown  in  Figure  1.  In 
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FIGURE  I 

MAP  OF  ALBERTA  ?  SHOWING  GEOGRAPHIC  LOCATION  OF 


STUDY  AREA 


order  to  reduce  variations  caused  by  factors  other  than 
size  of  operation,  homogeneity  of  resources,  weather 
conditions  and  present  level  of  technology  were  considered 
in  the  sample  selection.  The  principal  field  crop  in 
this  area  is  wheat, which  makes  up  approximately  65  per 
cent  of  total  crops  in  an  average  year.  The  trends  in 
changing  farm  size  over  a  10  year  period  for  Alberta 
Census  Division  5,  within  which  the  study  area  is  located,are 
illustrated  in  Table  1. 


TABLE  1 

PERCENTAGE  CHANGE  IN  FARM  SIZE,  CENSUS  DIVISION  5, 

1956  -  66 


Farm  Size 
(acres) 

Percent 

1956 

Percent 

1961 

Percent 

1966 

-  70 

1.9 

2.4 

2.7 

71 

-  239 

10.4 

7.2 

6.5 

240 

-  399 

18.1 

14.1 

11.8 

400 

-  559 

15.4 

14.5 

12.3 

560 

-  759 

17.0 

17.4 

15.5 

760 

-  1119 

17.8 

21.2 

22.1 

1120 

-  1599 

11.2 

12.8 

16.1 

1600 

-  2239 

5.0 

6.0 

7.0 

2240 

3.2 

4.4 

6.1 

Source:  Alberta  Department  of  Agriculture,  Agricultural 

Statistics  for  Alberta  (Edmonton,  ADA,  1966) . 
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CHAPTER  II 

THEORETICAL  BASIS  FOR  ECONOMIES  OF  SIZE 

Production  Function 

The  theory  of  the  firm  is  founded  upon  the 
hypothesis  of  a  functional  relationship  between  the 
quantity  of  output  of  a  firm  or  a  process  and  the 
quantities  of  the  various  inputs  that  can  be  employed 
in  the  production  of  that  output.  Production  of 
wheat,  for  example,  requires  several  inputs:  land, 
labor,  fertilizer,  machinery,  etc. 

A  distinction  is  made  between  the  variable  in¬ 
puts,  such  as  labor  and  fertilizer,  and  the  so-called 
fixed  inputs,  such  as  land  and  machinery.  Variable 
inputs  are  characterized  by  the  fact  that  their  consump¬ 
tion  in  the  production  process  is  directly  related  to 
individual  units  of  output  and  can  be  varied  to  change 
output  levels.  Fixed  inputs  are  usually  capital  goods 
whose  contribution  to  production  is  not  related  to 
variations  in  units  of  output.  These  inputs  remain 
constant  regardless  of  output  levels  and  cannot  be  varied 
by  the  manager  during  the  time  period  under  consideration. 


If  q  is  the  quantity  of  output  per  unit  of  time ,  x  is  the 
quantity  of  variable  input  per  unit  of  time,  and  k  is  the 
quantity  of  fixed  input,  then  we  have  the  production  or 
input-output  function: 

q  =  f (x,k) . 

The  first  derivative  of  the  equation,  which  may 
be  written  dq/dx,  describes  the  marginal  productivity 
(MP)  of  x  in  the  production  of  q.  It  is  the  rate  of 
change  of  output  with  respect  to  incremental  changes  in 
the  variable  input.  It  should  be  noted  that  there  is  a 
distinction  between  marginal  productivity  and  what  is 
called  average  productivity.  Average  productivity  (AP) 
of  the  variable  input  is  simply  the  ratio  of  the  output 
to  the  variable  input,  q/x. 

Derivation  of  the  Cost  Function 

A  cost  function  which  shows  the  manner  in  which 
the  cost  of  operating  a  plant  varies  with  the  level  of 
output,  can  be  directly  calculated  from  the  production 
function.  Let  r  be  the  price  or  unit  cost  of  the  vari¬ 
able  input  and  F  be  the  cost  of  fixed  inputs  allocated 
to  the  time  periods  with  respect  to  which  the  variable 
inputs  and  output  rates  are  measured.  The  fixed  cost  in 
the  case  of  wheat,  for  example,  includes  depreciation  of 
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equipment  and  interest  on  investment,  and  these  costs  must 
be  paid  regardless  of  how  much  the  firm  produces  or,  in 
fact,  whether  it  produces  at  all.  Then  the  total  cost  (C) 
of  the  fixed  and  variable  inputs  is: 

C  =  r-x  +  F. 

Because  in  the  production  function  a  given  rate  of  out¬ 
put  is  associated  with  each  level  of  input,  we  can  thus 
write : 


x  =  f  (q)  , 

which  can  be  substituted  in  the  cost  function  to  give: 

C  =  r  •  f (q)  +  F. 

The  variable  component  of  total  cost,  r*f(q),  is  usually 
called  the  total  variable  cost  (TVC) .  Total  cost  divided 
by  output  is  average  total  cost  (ATC) ;  variable  cost 
divided  by  output  is  average  variable  cost  (AVC) ;  fixed 
cost  divided  by  output  is  average  fixed  cost  (AFC) ;  and 
dC/dq,  the  rate  of  change  in  total  cost  with  respect  to 
changes  in  the  level  of  output,  is  marginal  cost  (MC)  or 
incremental  cost.  These  various  cost  concepts  are  ex¬ 
pressed  graphically  in  Figure  3. 

The  main  objective  of  economies  of  size  studies  is 
to  determine  the  average  total  cost  curve.  Specifically, 
the  expression  "economies  of  size"  or  "scale"  refers  to 
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changes  in  average  total  costs  or  unit  costs  that  are  re¬ 
lated  to  changes  in  size  or  scale  of  the  firm  or  enter¬ 
prise.  However,  before  proceeding,  it  is  necessary  to 
clarify  the  following  concepts. 

Short  Run  versus  Long  Run 

As  the  total  cost  curve  has  been  defined  as 

C  =  V  +  F, 

the  short  run  average  or  unit  cost  can  be  obtained  merely 
by  dividing  both  sides  of  this  equation  by  q  to  produce: 


The  term  C/q  is  the  short  run  average  cost  per  unit  of 
output,  commonly  designated  SAC,  and  is  equal  to  the  sum 
of  the  average  fixed  cost,  AFC  =  F/q,  and  the  average 
variable  cost,  AVC  =  V/q. 

Generally,  in  the  short  run  the  firm  can  change 
its  output  using  existing  capacity,  but  cannot  change  its 
capacity  or  size.  On  a  wheat  farm,  for  example,  the 
capacity  is  determined  by  available  land  or  machinery 
equipment.  Hence,  by  employing  incremental  amounts  of 
variable  input,  the  firm  can  expand  the  quantity  of 
output,  while  fixed  inputs  are  held  constant.  With 
fixed  costs  held  constant,  average  fixed  costs  (AFC)  per 
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unit  of  output  will  decline  as  output  increases.  This  has 
an  impact  on  average  total  cost  (ATC) ,  which  will  also 
decline  until  the  lowest  point  on  the  SAC  curve  is  reached. 
Beyond  the  lowest  point  on  the  SAC  curve,  additional  out¬ 
put  of  the  firm  can  be  achieved  only  by  a  disproportionate 
rise  of  variable  costs  until  firm  capacity  is  fully  util¬ 
ized.  Eventually  any  increase  in  output  can  be  achieved 
only  by  increasing  the  capacity  or  size  of  the  firm. 

Hence,  inputs  that  are  held  fixed  in  the  short  run  will 
have  to  be  increased.  In  the  case  of  grain  farms,  this 
means  more  land,  and  a  switch  from  SAC^  to  SAC^  or  SAC^, 
as  shown  in  Figure  2.. 

Consequently,  a  long  run  average  cost  function 
(LAC)  or  envelope  curve  tangent  to  the  short  run  cost 
curves  can  be  constructed.  The  points  of  tangency  do 
not  coincide  with  the  lowest  point  on  the  short  run 
average  cost  curves  except  for  the  lowest  point  on  the 
LAC  curve,  as  illustrated  in  Figure  2.  In  the  long  run, 
therefore,  cost  is  a  function  of  output  and  firm  size. 

The  distinction  between  fixed  and  variable  costs  is  no 
longer  meaningful  for  all  costs  can  be  varied  in  the  long 
run.  Thus,  the  long  run  average  cost  function  can  be 
expressed  as: 


LAC  =  f(q)  +  g(k) 


' 

. 


X 


12 


where  g  is  an  expansion  of  firm  size.'*'  For  any  given  out¬ 
put  the  LAC  curve  represents  the  lowest  possible  total 
cost  per  unit  of  output. 

It  should  be  noted  here  that  traditional  theory 
of  economies  of  size  under  perfect  competition  usually 
assumes  single  product  firms.  The  theoretical  framework 
used  in  the  present  study  departs  from  this  tradition  in 
that  the  analysis  involves  multiple  product  firms  with 
variable  product  combinations.  Therefore,  output  is 
measured  by  gross  income  (R)  and  average  total  cost  (ATC) 
is  represented  by  the  cost-revenue  ratio,  which  is  total 
cost  of  the  firm  divided  by  its  gross  income. 

R  =  p-q 

where  p  is  a  market  price  as  a  constant  in  perfect  com¬ 
petition  and  q  is  a  quantity  of  output.  The  cost-revenue 
ratio  is  given  by: 

C  _  r°x  +  F 
R  “  p-q 

The  concern  of  this  study  can  now  be  stated  as  the 
determination  of  the  LAC  curve,  for  in  the  long  run  all  re¬ 
sources  are  variable  and  the  envelope  curve  thus  approximates 

lj.  M.  Henderson  and  R.  E.  Quandt,  Microeconomic 
Theory,  A  Mathematical  Approach  (2nd  ed.;  New  York: 
McGraw-Hill  Book  Company,  1971. 
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FIGURE  2 

NATURE  OF  LONG  RUN  AND  SHORT  RUN  COST  RELATIONSHIPS 


economies  for  this  particular  segment  of  Alberta  Industry. 

Size  versus  Scale 

Although  the  expressions  "size"  and  "scale"  are 
frequently  used  interchangeably,  they  are  not  synonymous. 
The  term  "scale"  refers  to  the  output  response  resulting 
from  a  proportionate  increase  of  all  inputs;  i.e.,  propor¬ 
tions  of  inputs  are  held  constant  as  in  Euler's  theorem. ^ 
In  the  special  case  where  proportionate  changes  in  x  and 
k  produce  a  proportionate  change  in  q,  for  example,  if  a 


1_, 

For 


further  reference  see  Ibid. 
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farm  has  200  acres,  1  tractor,  and  1  man  and  increases  to 
400  acres,  2  tractors,  and  2  men,  with  the  result  that 
output  also  doubles,  the  production  function  is  said  to  be 
linearly  homogeneous  or  homogeneous  of  the  first  degree. 

In  this  case  the  most  efficient  size  becomes  indeterminate, 
because  any  one  size  unit  will  be  as  efficient  as  any 
other  size  unit,  the  LAC  curve  will  be  a  horizontal  line, 
and  constant  returns  to  scale  will  exist. 

The  production  function  can  also  be  homogeneous 
of  a  degree  greater  or  less  than  one.  In  the  first  case 
as  inputs  increase,  output  increases  by  a  greater  propor¬ 
tion  with  increasing  returns  to  scale.  In  a  case  where 
output  increases  by  a  smaller  proportion  than  inputs , 
there  are  decreasing  returns  to  scale. 

However,  in  the  real  world  firms  do  not  expand  • 
all  inputs  and  output  in  exactly  equal  proportions  as 
the  level  of  the  firm's  activity  is  increased.  This  is 
especially  true  in  farm  crop  production  on  multiple 
product  farms.  The  term  "economies  of  size"  allows  for 
variable  changes  in  the  combination  of  inputs  employed 
and  the  resulting  output  on  the  farm.  Considering  its 
limitations,  the  concept  of  economies  of  scale  is  con¬ 
siderably  less  useful  than  that  of  economies  of  size, 
which  is  used  in  this  study. 
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Cost  Economies 

There  are  several  forces  which  lead  to  reductions 
in  average  total  cost.  In  the  short  run,  output  is  in¬ 
creased  by  fuller  utilization  of  inputs  while  farm  size  is 
fixed.  Economies  can  result  from  spreading  fixed  cost 
over  more  units  of  output,  thus  decreasing  the  magnitude 
of  fixed  cost  per  unit  of  output. 

More  significant  in  nature  are  economies  of  size 
in  the  long  run.  In  general,  these  economies'*'  may  be 
classed  as  either  technical  or  pecuniary.  Pecuniary 
economies  are  excluded  from  this  study  because  it  is 
quite  difficult  to  observe  them  and,  moreover,  there  are 
still  different  views  concerning  this  problem.  Typical 
pecuniary  economies  of  size  in  crop  production  arise 
through  the  acquisition  of  inputs,  for  cost  advantages 
may  accrue  to  the  larger  farm  operations,  from  bulk  pur¬ 
chases  or  large  orders  at  discount  prices.  One  can  argue 
that  joint  purchases  by  small  farmers  could  achieve  the 
same  results  in  the  acquisition  of  physical  inputs. 

However,  attention  is  concentrated  mainly  on 


Reference  is  made  only  to  internal  economies, 
since  external  economies  and  diseconomies  are  outside  the 
reach  of  the  firm  and  dependent  upon  the  size  of  the  in¬ 
dustry  and  the  region. 


■ 
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technical  economies  arising  from  changes  in  input  com¬ 
binations  for  different  levels  of  output.  A  significant 
role  is  played  here  by  indivisibility  of  resources.^ 
Resources  are  often  categorized  according  to  the  degree 
of  divisibility  in  farm  use.  In  crop  production  examples 
of  indivisible  resources  are  machines,  which  are  usually 
available  only  in  discrete  quantities.  For  larger  farms 
the  problem  of  indivisible  inputs  decreases  because  of 
the  ability  of  a  larger  farm  to  use  modern,  complex, 
large  machines  rather  than  more  machines  of  the  same  kind. 
Even  the  smallest  combine,  for  example,  may  be  too  large 
for  the  small  farm.  The  problem  of  indivisible  resources 
can,  therefore,  create  unavoidable  underutilization  of 
resources.  If  one  tractor  is  fully  utilized  on  a  400  acre 
farm,  then  it  is  obviously  underutilized  on  a  250  acre 
farm.  Under  the  current  technology,  a  tractor  of  suitable 
size  for  a  250  acre  farm  may  not  be  available ,»  and  even  if 
it  is,  its  cost  may  not  be  proportionately  lower. 

On  the  other  hand,  divisible  resources,  such  as 
fertilizer  and  fuel,  are  available  in  the  exact  amounts 
needed.  The  distinction  between  indivisible  and  divisible 
resources  is  not  clear-cut,  especially  in  agriculture. 

For  example,  labor  can  frequently  be  obtained  in  the  exact 


^E .  H.  Chamberlin,  "Proportionality,  Divisibility, 
and  Economies  of  Scale,"  Quarterly  Journal  of  Economics, 
Vol .  62  (1948) . 
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amounts  needed  through  employment  of  seasonal  hired  labor. 
Also,  on  crop  farms  certain  underutilized  crop  inputs  can 
be  used  in  supplementary  livestock  enterprises.  Excess 
capacity  of  machinery  and  equipment  due  to  indivisibility 
can  be  reduced  by  joint  ownership  or  custom  work. 

Cost  Diseconomies 

When  farms  grow  very  large,  new  problems  emerge 
with  regard  to  level  of  operation.  These  assumptions  are 
based  on  the  belief  that  large  bureaucratic  organizations 
must  eventually  become  inefficient.'*'  First,  management 
difficulties  may  arise  in  coordination  and  supervision 
of  large  farms;  because  of  unpredictable  situations  re¬ 
quiring  unique  adjustments  decisions  become  burdensome. 
Frequently  the  establishment  of  larger  farms  is  discouraged 
because  of  the  inability  of  managers  to  cope  wT.ith  uncertain 
ty.  On  smaller  farms  the  impact  of  price  flexibility  or 
crop  failure  is  not  as  erratic  as  on  larger  ones.  Hetero¬ 
geneous  resources,  such  as  several  soil  types  on  one  farm, 
make  management  more  difficult  than  uniform  resources. 
Spacial  dispersion  is  another  factor  affecting  management. 
Operations  must  be  carried  out  in  widely  separated  areas 
of  the  farm.  However,  this  problem  may  be  offset  because 
larger  farms  have  greater  field  efficiency  of  machines 


1Ibid. 
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than  smaller  ones.  Further  internal  diseconomies  (which 
are  external  for  small  farms)  may  arise,  such  as  road 
construction,  maintenance  costs,  and  general  maintenance 
of  the  infrastructure  within  the  farm  boundaries.  The 
after-tax  position  of  owners  and  operators  is  a  no  less 
important  factor  which  might  cause  diseconomies  of  farm 
size.  For  large  sized  farms  the  progressive  taxation 
system  used  in  Canada  is  crucial  in  the  analysis  as  a 
variable  which  might  restrict  farm  size. 

Average  Cost  and  Profit 

It  is  generally  known  that  the  concept  of  ef¬ 
ficiency  is  directly  related  to  average  productivity  and 
that  the  two  concepts  are  reciprocal'*'  when  the  theory  of 
production  is  applied  in  a  practical  situation.  It  is 
intuitively  obvious  that  average  variable  cost  is  at  a 
minimum  when  average  productivity  is  at  a  maximum. 
Therefore,  the  point  T  in  Figure  3  corresponds  to  the 
point  of  maximum  average  productivity  or  efficiency. 

But  this  is  not  the  point  of  maximum  profitability.  Maxi¬ 
mization  of  profits  does  not  in  general  imply  operating 
at  the  point  of  maximum  efficiency.  The  most  profitable 
rate  of  output  (qQ  in  Figure  3)  will  be  greater  than  the 

^This  is  even  more  clear  if  output  and  inputs  are 
expressed  in  money  terms,  so  that  the  average  productivity 
becomes  average  value  product  (AVP) ,  and  the  term  efficien¬ 
cy  is  just  the  inverse  of  the  AVP. 


. 
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most  efficient  rate  of  output.  This  implies  in  the  long 
run  that  profit  increases  proportionately  to  farm  size  and 
that  the  largest  farms  are,  therefore,  the  most  profitable. 

FIGURE  3 

RELATIONSHIP  OF  PROFIT  TO  COST  AND  REVENUE 
UNDER  PERFECT  COMPETITION 


Income  Tax 


Reasons  for  introducing  the  income  tax  problem  are 

explained  by  the  following  quotation: 

It  is  remarkable  that  none  of  the  existing 
economies  of  size  studies  has  considered 
the  after-tax  position  of  owners  and 
operators ,  thus  ignoring  the  question  of 
income  tax  policy  as  it  may  effect  farm 
management  decisions .  For  truly  large- 

scale  farms  the  after-tax  position  is 
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crucial  to  the  analysis . 

In  this  study  the  impact  of  income  taxes  on  average  cost 
curves  was  examined.  Two  alternatives  were  considered: 
the  impact,  if  any,  of  (1)  corporation  income  tax  and 
(2)  personal  income  tax.  It  would  seem  reasonable  that 
personal  income  tax  of  the  owner (s)  cannot  be  considered 
as  a  cost  of  the  firm.  However,  because  the  ownership 
and  management  of  the  firm  usually  rest  with  the  same 
person,  income  taxes  are  treated  as  an  addition  to  farm 
cost. 

Generally,  the  efficient  farmer  cannot  avoid  an 
income  or  profit  tax'.  The  tax  (T)  is  a  function  of  the 
difference  between  his  revenue  (R)  and  total  cost  (C)  and 
can  be  expressed  symbolically  as  follows: 

T  =  t  [R(q)  -  C(q)]  , 

where  t  is  the  tax  rate.  The  profit  after  tax  payment  is: 

"if  =  R(q)  -  C(q)  -  t  [r  (q)  -  C  (q)]  . 

This  can  be  reduced  to: 

TT  =  (l“t)  £r  (q)  -  C(q)J  , 

where  0<  t<  1  and  dT/dTT<l  because  the  marginal  rate  of  tax 


P.  M.  Raup,  "Economies  and  Diseconomies  of  Large- 
scale  Agriculture,"  American  Journal  of  Agricultural  Eco¬ 
nomics  ,  Vol.  52  (1969) ,  pp.  1274-83. 
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is  less  than  unity  in  any  taxation  policy.  Setting  the 
derivative  equal  to  zero,  profit  maximization  can  be 
described  as: 

dil/dq  =  (1-t)  [r*  (q)  -  C '  (q)J  =  0, 

where  R'  and  C'  are  marginal  revenue  and  marginal  cost 
respectively.  Because  (1-t)  ^  0, 

R '  (q)  -  C '  (q)  =  0,  and 
R'  (q)  =  C*  (q)  . 

Thus  a  profit  tax  (T)  will  reduce  the  profit  after  taxes, 
but  will  not  affect  the  optimum  quantity  of  output  for 
profit  maximization.  Profit  maximization  after  taxes  will 
be  the  same  by  equating  marginal  revenue  (R')  to  marginal 
cost  (C ' ) . 

This  is  the  'conventional  case  of  profit  taxation 
described  in  most  textbooks.  However,  it  is  important  to 
emphasize  that  in  this  case  owner  equity  is  neglected  and 
assumed  to  be  zero.  Hence,  all  interest  charges  are  tax 
deductible;  therefore,  the  profit  is  identical  to  taxable 
income.  This  will  hold  only  when  the  economic  costs  (in¬ 
cluding  the  opportunity  cost  of  operator's  equity)  are 
equal  to  tax  deductible  costs. 


However,  in  the  case  of  farming  the  farmer's 
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equity  is,  on  the  average,  quite  high  and  it  is,  there¬ 
fore,  more  realistic  to  assume  that  the  farm  owner  has 
100  per  cent  equity.  Consequently,  the  economic  costs 
are  greater  in  this  case  than  the  tax  deductible  costs 
by  the  amount  of  the  nondeductible  costs,  such  as 
opportunity  cost  interest  on  owner  equity,  which  cannot 
be  claimed  for  calculation  of  taxable  income,  and  thus 
taxable  income  is  greater  than  profit  by  this  amount. 

In  such  a  situation,  the  optimum  output  considering 
taxes  will  be  less  than  the  output  if  taxes  are  not  in¬ 
cluded  in  the  analysis,  since  the  profit  maximization 
condition  is: 

R*  (q)  =  C'  (q)  -  I'  (q)  , 

where  marginal  opportunity  cost  I*  (q)  in  the  long  run^ 
is  greater  than  zero. 

It  was  mentioned  that  this  study  is  focused  on 
the  derivation  of  the  average  cost  curve  by  dividing 
total  economic  cost  (including  6  per  cent  opportunity 
cost)  by  gross  income.  If  the  impact  of  income  taxes 
is  to  be  examined,  the  income  taxes  are  added  to  the  eco¬ 
nomic  cost,  which  includes  the  opportunity  cost  at  the 


In  the  short  run  the  marginal  opportunity  cost 
is  equal  to  zero  because  farm  capital  is  assumed  constant 
in  the  short  run. 
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full  6  per  cent  interest  ratef  in  calculating  the  average 
cost  curve.  This  would  be  consistent  with  the  conven¬ 
tional  case.  However,  the  farmer's  equity  capital,  if 
invested  elsewhere,  would  provide  earnings  to  the  owner 
subject  to  progressive  taxation  as  well,  and  this  results 
in  a  "net"  opportunity  cost'*'  after  taxes  of  less  than  6 
per  cent.  This  assumes  that  the  capital  assets  are  not 
sold  in  some  tax  free  alternative  under  special  income 
tax  regulations.  Consequently,  if  the  impact  of  income 
taxes  is  examined  in  the  analysis,  the  opportunity  cost 
should  not  be  considered  at  the  full  interest  rate,  but 
at  the  lower  rate  by  the  amount  of  taxes  on  capital 
assets . 


Generally,  with  increased  size  of  farm  owned 
capital  investment  in  agriculture,  the  net  opportunity 
cost  rate  will  decline  due  to  progressive  taxation  on 
capital  assets.  On  the  other  hand,  the  value  of  income 
taxes  increases  with  size.  The  total  cost  includes: 

C  =  C(q)  -  D(q)  +  T  (q)  , 

economic  cost  of  the  firm  C  (q) ,  less  the  discount  on 
opportunity  cost  due  to  taxation,  D,  and  income  taxes, 

^G .  W.  Dean  and  H.  0.  Carter,  "Some  Effects  of 
Income  Taxes  on  Large-scale  Agriculture,"  Journal  of  Farm 
Economics,  Vol.  44  (1962) . 
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T.  Because  there  is  a  trade  off  between  the  positive 
value  of  calculated  taxes  and  the  negative  value  of  the 
difference  between  full  opportunity  cost  and  net  oppor¬ 
tunity  cost,  the  optimum  level  of  output  may  remain  the 
same  as  in  the  conventional  case  where  economic  cost  is 
equal  to  tax  deductible  cost. 
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CHAPTER  III 

LITERATURE  REVIEW 

Numerous  studies  have  documented  the  relationship 
between  farm  size  and  unit  cost,  but  the  concept  has  not 
yet  been  related  to  Alberta  farming.  All  of  the  existing 
studies  have  used  the  same  traditional  economic  theory  to 
structure  the  research.  However,  it  is  important  to  note 
that  even  if  empirical  studies  of  economies  of  farm  size 
have  been  based  on  the  same  theoretical  background,  they 
differ  substantially  in  analytical  procedures  used  to  ob¬ 
tain  particular  results. 

The  purpose  of  this  chapter  is  to  review  the 
literature  concerning  research  in  economies  of  size.  The 
methods  used,  along  with  the  theoretical  basis  .presented 
in  Chapter  Two,  will  give  a  more  adequate  basis  for 
evaluation  of  several  methods  of  analyzing  economies  of 
size . 


The  Survivorship  Technique 


This  technique  was  introduced  mainly  by  Stigler 


1 


■*■0.  J.  Stigler,  "The  Economies  of  Scale,"  Journal 
of  Law  and  Economics  (1958) . 
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It  should  be  noted  that  this  method  is  seldom  used  in  agri¬ 
culture.  The  basic  idea  is  that  competition  among  firms 
will  sift  out  the  more  efficient  sizes. 

This  technique  is  quite  simple  and  direct.  Firms 
are  stratified  into  sizes,  according  to  percentage  of  the 
industry's  capacity,  and  the  number  of  firms  in  each 
stratum  is  determined.  Then  a  comparison  of  two  or  more 
points  in  time  is  made.  The  class  size  that  has  increased 
the  most  is  taken  as  prima  facie  evidence  of  efficiency 
and  the  attainment  of  economies  of  size.  One  of  the  main 
weaknesses  of  this  approach  is  that  an  increase  in  size 
may  result  not  only  from  efficiency,  but  also  from  incen¬ 
tives  for  attaining  larger  profits  or  greater  power  and 
prestige.  As  size  increases,  the  firm  usually  has  a 
larger  profit  although  efficiency  might  actually  decrease 
in  terms  of  costs  per  unit  of  output. 

Direct  Analysis  from  Actual  Firm  Records 

Many  studies  of  economies  of  size  have  attempted 
to  determine  optimum  size  directly  from  a  sample  of  actual 
firm  records.  One  example  is  L.  J.  Moran, ^  who  used  feed- 
lot  records  from  Arizona  cattle  feeders. 


L .  J .  Moran ,  Nonfeed  Costs  of  Arizona  Cattle  Feed¬ 
ing  ,  Technical  Bulletin  138  (Tucson,  Arizona:  Agricultural 
Experimental  Station,  1959)  . 


' 
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The  unit  cost  curve  is  determined  from  a  sample 
of  actual  firm  records  by  using  regression  analysis.  To 
some  people  this  method  seems  more  reliable  than  synthetic 
firm  analysis  because  actual  farm  data  are  used.  One  of 
the  shortcomings  is  that  results  are  reflections  of  many 
factors  other  than  size,  such  as  different  accounting 
methods,  technology,  yields,  and  excess  capacity. 

Standardized  Farm  Records 

This  method  attempts  to  avoid  some  of  the  short¬ 
comings  of  direct  farm  analysis,  and  its  limitations  are 
minimized  by  such  adjustments  as  excess  capacity  indexes, 
standardized  depreciation  rates,  yields,  and  other  fac¬ 
tors  which  may  differ  for  various  size  levels.  However, 
many  researchers  argue  that  excess  capacity  is  really 
part  of  the  size  problem,  and  its  influence  should, 
therefore,  not  be  removed.  This  method  was  used  by 
Carter  and  Dean'*'  on  California  crop  farms. 

Composite  Firm  Budgets  from  Actual  Firm  Records 

In  this  approach,  the  farm  records  are  first  sepa¬ 
rated  into  size  classes,  usually  according  acreages. 

■*"H .  0.  Carter  and  G.  W.  Dean,  Cost-Size  Relation¬ 
ships  for  Cash  Crop  Farms  in  Imperial  Valley,  California, 
Giannini  Foundation  Research  Report  253  (Berkeley :  Cali- 
fornia  Agricultural  Experiment  Station,  1962)  . 


. 
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Within  each  size  class  a  composite  farm  is  developed,  using 
averages  of  the  various  recorded  items  (total  acreage, 
investment,  yields,  acres  of  each  crop,  cash  expenses, 
etc.)*  Then  the  average  cost  per  unit  of  output  in  each 
size  class  is  calculated  using  this  composite  or  benchmark 
farm,  and  the  size-efficiency  relationship  is  determined 
by  constructing  a  long  run  average  cost  (LAC)  curve. 
Shortcomings  are  more  or  less  similar  to  those  in  direct 
analysis  from  actual  firm  records.  Maier  and  Loftsgard^ 
analyzed  the  costs  of  potato  producers  in  North  Dakota 
using  this  method. 

The  Synthetic  or  Economic-Engineering  Firm  Approach 

This  method  is  characterized  by  developing  hypo¬ 
thetical  firms  using  the  best  available  estimates  of 
technical  coefficients  for  resource  requirements  and 
expected  yields.  This  method  determines  average  cost  per 
unit  of  output,  or  profit  that  firms  of  various  sizes 
could  potentially  achieve.  Furthermore,  differences  in 
average  cost  per  unit  of  output  are  attributable  strictly 
to  differences  in  sizes  of  firms. 

Synthetic  firm  cost  structures  can  be  constructed 


M.  G.  Maier  and  L.  D.  Loftsgard,  Potato  Production 
Costs  and  Practices  in  the  Red  River  Valley,  Bulletin  451 
(Fargo ,  North  Dakota:  Agricultural  Experiment  Station, 

1964). 
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by  using  budgeting  techniques.  However,  when  a  large 
number  of  enterprises  or  levels  of  resources  are  con¬ 
sidered,  manual  budgeting  becomes  burdensome  and  time- 
consuming.  Use  of  linear  programming  can  greatly 
simplify  the  computations.  This  method  has  been 
generally  used  in  recent  years.'*'  However,  it  has  some 
shortcomings.  First  of  all,  the  optimal  resource 
composition  is  constructed  for  a  specific  set  of  crops 
so  that  no  excess  capacity  will  result.  In  the  real 
world  farmers  buy  resources  not  only  for  a  certain 
product  composition,  but  also  for  future  unexpected 
situations,  which  are  sometimes  associated  with  farm 
size.  In  the  case  where  machinery  capacity  is  held 
fixed  for  the  short  run,  the  analytical  results  are 
highly  dependent  on  determination  of  optimal  machinery 
capacity.  In  such  a  case  the  possibility  exists  that 
an  entrepreneur  may  also  expand  his  machinery  capacity 
and  thus  output  by  using  custom  work  or  his  own  machinery 
above  normal  annual  use;  this  possibility  should  not  be 
neglected  in  analysis. 


For  example,  see  B.  Davis  and  J.  P.  Madden,  Theory 
and  Procedures  for  Studying  Economies  of  Size  on  Irrigated 

Cotton  Farms  of  the  Texas  High  Plains,  Bulletin  MP-780 

(College  Station,  Texas:  Agricultural  Experiment  Station, 
1965)  . 


. 
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CHAPTER  IV 

THE  GENERAL  MODEL 

Analytical  Procedure  Used  in  This  Study 

Taking  into  account  mentioned  weaknesses  and 
strengths  of  reviewed  alternative  methods  for  analyzing 
economies  of  size,  this  study  used  a  combination  of  the 
last  two  methods  discussed:  composite  firm  budgets 
from  actual  firm  records  and  the  synthetic  firm  approach. 

Investment  and  thus  fixed  costs  were  determined 
by  composite  firm  budgets  from  actual  farm  records, 
based  on  a  sample  of  68  farms  in  the  grain  growing 
regions  of  Alberta.  Then  the  normative  least-cost 
linear  programming  models  were  developed  for  determining 
minimum  variable  cost  and  enterprise  combination  for 
selected  levels  of  fixed  resources  and  specified  levels 
of  gross  income.  Based  on  acreage  ranges,  seven  bench¬ 
mark  farms  with  different  land  acreages  were  developed. 
Land  acreage  and  the  associated  machinery  and  equipment 
provide  the  fixed  resources  in  deriving  short  run  cost 
curves,  by  increasing  utilization  of  the  given  land  or, 
in  other  words,  extending  gross  income  to  maximum  capacity 
of  the  firm.  However,  fixity  of  machinery  capacity  is  not 
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absolute  because  custom  work  is  considered  as  an  addi- 
tional  source  of  machine  use;  thus  machinery  capacity 
is  not  a  strict  constraint  for  further  expansion  of 
output  levels  for  a  particular  size  of  firm. 

Labor  was  considered  as  a  variable  resource. 
Also,  fertilizer  was  used  at  two  different  levels 
according  to  the  production  function  that  was  developed. 
When  the  highest  possible  output  level  is  achieved  in 
terms  of  gross  income  for  a  given  amount  of  land,  then 
the  additional  resources,  such  as  fertilizer,  hired 
labor,  and  custom  work,  can  be  practically  employed  at 
higher  levels  to  produce  incremental  increases  in  out- 
put.  If  costs  of  additional  resources  are  greater  than 
the  incremental  value  of  output,  any  further  expansion 
of  quantity  of  output  is  inefficient,  and  the  short  run 
average  cost  curve  will  rise. 

I 

Shifting  to  the  next  short  run  curve,  the  levels 
of  fixed  resources  and  land  were  reset.  The  long  run 
cost  curve  was  then  drawn  as  an  envelope  curve  to  the 
short  run  cost  curves. 

The  Model  and  Solution  Techniques 

The  linear  programming  model  was  designed  :  »  . 
for  multiple  product  firms,  allowing  variable  proportions 


N 
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of  resources  and  products.  It  is  not  an  objective  of 
this  study  to  discuss  the  linear  programming  technique 
in  detail.  A  comprehensive  explanation  of  linear  pro- 
gramming  analysis  can  be  found  in  any  one  of  several 
textbooks  listed  in  the  bibliography.  However,  the 
general  outlines  of  this  technique  will  be  explained  so 
that  any  reader  can  have  some  understanding  of  the  ana¬ 
lysis  . 


The  linear  programming  technique  has  been  widely 
used  in  recent  years  to  analyze  production  decision  pro¬ 
blems.  Linear  programming  deals  with  the  efficient  use 
or  allocation  of  limited  resources  to  meet  desired  ob¬ 
jectives.  The  general  problem  requiring  solution  is  how 
much  to  produce  of  each  of  several  products  with  given 
facilities.  This  problem  is  characterized  by  a  large 
number  of  solutions  satisfying  the  basic  conditions.  A 

l 

solution  that  satisfies  both  the  conditions  of  the 
problem  and  a  given  objective  is  termed  "optimal." 


A  comprehensive  statement  of  the  application  of 
linear  programming  is: 

An  application  of  linear  programming 
techniques  to  a  typical  farm  management 
problem  is  that  of  allocating  limited 
resources ,  such  as  acreage ,  labor ,  water 
supply ,  working  capital,  etc.,  in  such  a 
way  as  to  maximize  net  revenue .  The 
problem  is  to  choose  simultaneously  the 
particular  crop  or  crops  to  be  grown  in 
the  following  period ,  the  number  of  acres 


■ 

' 
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of  land  to  allocate  to  each  of  these 
crops ,  and  the  particular  method  to 
use  in  the  production  of  each  of 
these  crops  so  that  net  cash  return 
will  be  maximized .1 


A  central  characteristic  of  linear  programming  is  its  goal 
(objective  function) ,  which  can  be  to  maximize  profit  or 
minimize  cost  subject  to  the  limited  resources.  If  there 
are  no  limited  resources,  there  is  no  problem  for  linear 
programming. 


2 

The  collected  data  in  this  study  include  fixed 
costs  (F)  for  each  farm  size,  variable  costs  per  acre 
for  alternative  real  activities  (Cj),  average  gross 
revenue  per  acre  for  real  activities  (g^),  technical  in¬ 
put-output  coefficient  (aj_j)  (i.e.,  resource  require¬ 
ments  per  unit  of  real  activity) ,  and  resource  constraints 
(b^) .  The  problem  is  to  determine  activity  levels  (x^), 
or  acres  of  alternative  j's  crops  such  that: 


n 


x . 


3 


=  minimum. 


n  =  39, 


subject  to  the  following  constraints: 


1. 


m 

5“ 


1=1  i] 


xj<bi 


m  =  17 


S.  I.  Gass,  Linear  Programming,  Methods  and  Ap¬ 
plications  (New  York:  McGraw-Hill  Book  Company,  1964) , 

p.  11. 


For  a  general  description  of  data  used,  see 
Chapter  Five. 


' 


. 
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2 .  n 

..TJ  J  j^G,  a  specified  level  of  gross 
■*  income, 

3.  x^>0,  for  all  j 

4.  -  constant,  for  i  representing  land 

5.  bj^>0,  for  other  resources  including 

resources  involved  in  "buying" 
activities  (labor,  tractor,  and 
combine  hours) . 

For  the  short  run,  b^,  which  represents  land,  is 
fixed.  Then  G  is  systematically  changed  by  parametric 
programming,  up  to  a  level  where  the  given  land  is  fully 
utilized  and  higher  revenue  cannot  be  achieved.'*'  For 
each  specified  level  of  gross  income,  additional  linear 
programming  solutions  are  computed. 

Linear  programming  selects  that  organization  of 
enterprises  which  minimizes  variable  cost  in  the  objec¬ 
tive  function  under  the  given  constraints.  Total  cost  is 
calculated  for  each  programming  solution  as  the  sum  of 
the  variable  cost  incurred  in  the  objective  function  plus 
the  lump  sum  of  fixed  costs  (F)  pertaining  to  the  plant 
size  being  examined.  Eventually,  the  total  cost  is  divided 


^For  additional  information  on  parametric  program¬ 
ming,  see  J.  K.  Sengupta  and  K.  A.  Fox,  Optimization  Tech¬ 
niques  in  Quantitative  Economic  Models  (New  York: 

American  Elsevier  Publishing  Company,  1969) . 
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by  the  specified  level  of  gross  income,  G.  The  result  is 
a  series  of  points  for  each  specified  gross  income  level, 
and  this  provides  the  information  necessary  to  construct 
a  short  run  average  cost  curve. 

Once  maximum  revenue  was  achieved  for  a  parti¬ 
cular  farm  size,  a  similar  procedure  was  used  for  the  next 
largest  composite  farm,  until  SAC  curves  were  established 

for  all  sizes.  It  should  be  noted  that  c.'s,  a. .*s,  and 

1  ID 

b^'s  change  for  different  farm  sizes. 


. 
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CHAPTER  V 

STUDY  DATA  AND  ITS  ANALYSIS 

Data  Sources 

Sample  Area  and  Selection  of  Farms 

Study  data  were  obtained  from  an  actual  sample  of 
grain  farms  in  Census  Division  5,  which  has  consistently 
been  the  highest  wheat  producing  region  in  the  province. 

In  selecting  the  10  per  cent  sample  of  70  farms,  similar 
soil  quality  and  topography  were  the  main  criteria.  To 
meet  these  qualifications,  an  area  approximately  20  by 
30  miles  in  size  was  chosen.  The  boundaries  of  the  region 
are  formed  by  lines  joining  the  city  of  Drumheller  with 
the  towns  of  Morrin,  Three  Hills,  and  Rosebud. 

Although  randomness  was  considered,  the  main 
criterion  was  number  of  cultivated  acres.  Seven  size 
stratifications  according  to  the  range  of  acreage  were 
outlined  and  are  presented  in  Table  2 .  There  was  some 
difficulty  in  locating  farms  for  the  larger  acreage 
strata.  On  the  70  interviews  completed,  68  were  usable 

and  provided  the  sources  of  actual  farm  data  for  this 

n  1 

study . 

^The  standard  errors  of  means  for  stratified 
farm  sizes  are  reasonably  small* 


\ 
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TABLE  2 

STRATIFICATION  OF  FARM  SIZES  FROM  SAMPLE 


Range  in  acres  of 
cultivated  land 

No.  of  farms 
in  stratum 

Average  Composite 
size  in  acres 

1. 

0 

-  600 

8 

406 

2. 

601 

-  1000 

10 

832 

3. 

1001 

-  1400 

12 

1203 

4. 

1401 

-  1800 

10 

1623 

5. 

1801 

-  2300 

6 

2031 

6. 

2301 

-  2800 

9 

2524 

7. 

2801 

and  up 

13 

3707 

Other  Sources 

The  main  sources  of  input-output  coefficients  and 
labor  costs  were  obtained  from  the  Government  of  Alberta. 
These  were  supplemented  by  information  obtained  from  Dr. 
T.  A.  Petersen,  who  is  familiar  with  farming  methods  in 
the  study  area.  This  information  included  timetables  for 

■^Alberta  Department  of  Agriculture,  Machine  Cost 
Schedules  and  Concensus  Research  Data  Forms  (Edmonton: 
ADA,  1966). 
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crop  cultivation  practices  and  alternative  crops  that 
may  be  considered.  Further  information  was  also  found 
in  various  publications  listed  in  the  bibliography, 
under  the  section  titled  Miscellaneous. 

Data  Analysis 

Definitions  and  Assumptions 


1.  Size  of  the  farm  is  defined  in  terms  of  fixed 
costs  and  cultivated  land  acreage.  These  factors  were 
held  constant  in  the  short  run. 

2.  Gross  income  is  defined  as  annual  value  of 
production,  which  includes  cash  product  sales  adjusted 
for  crop  inventory  changes. 

3.  Profit  is  defined  as  net  return  to  the  business 
after  all  resources  used  in  the  production  process  during 
the  year  have  been  paid  for.  It  is  the  sum  of  the  dif¬ 
ference  between  gross  returns  and  total  costs. 

4.  Taxable  income  is  defined  as  gross  income  less 
deductible  expenses.  Deductible  expenses  are,  in  fact, 
represented  by  economic  cost  excluding  operator's  equity 
investment  charge,  which  is  not  a  deductible  cost  and, 
therefore,  cannot  be  claimed  for  calculation  of  taxable 
income . 


5. 


Livestock  production  is  excluded  from  the  farm 
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organization  because  it  was  insignificant  on  most  farms. 
However,  the  various  volumes  of  livestock  production 
would  be  misleading  in  relative  comparisons  of  efficiency 
for  crop  farms.  Therefore,  only  crop  costs  and  returns 
were  included. 

6.  Market  restrictions,  such  as  existing  quota 
policy,  are  assumed  to  be  irrelevant  for  relative  compari¬ 
son  of  size  efficiency,  for  quota  is  determined  on  a  per 
acre  basis. 

Prices  and  Yields 

All  of  the  input-output  coefficients  used  in  this 
study  were  based  on  1966  prices.  Yields  and  prices  of 
products  were  based  on  a  five  year  average  for  the  sample 
area  because  1966  was  an  excellent  year  as  far  as  crop 
production  is  concerned  and  the  calculations  used  in  this 
analysis  would  not  be  typical  for  crop  enterprises  on 
this  particular  sample  farm.  Prices  are  listed  in  Table 
3. 

Farm  Products 

The  following  revenue  producing  real  activities 
were  included:  (1)  wheat  on  summer! allow,  (2)  wheat  on 

stubble,1  (3)  barley  on  summer fallow,  (4)  barley  on 


10nly  wheat  and  barley  were  assumed  on  stubble. 
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TABLE  3 

LIST  OF  PRICES  FOR  VARIOUS  INPUT-OUTPUT  ITEMS 


Price 


Activity 

Unit 

Price  ($) 

of  seed($) 

Wheat 

bu. 

1.64 

2.40 

Barley 

bu. 

0.97 

1.85 

Oats 

bu. 

0.59 

1.65 

Flax 

bu. 

2.88 

0.84 

Rapeseed 

bu. 

2.44 

0.11  (lb.) 

Mustard 

bu. 

2.16 

0.11  (lb.) 

Rye  Fall 

bu. 

1.07 

2.00 

Mixed  Grain 

bu. 

0.84 

1.35 

Tame  Hay 

ton 

16.50 

1.03  (bu.) 

Greenfeed 

ton 

17.04 

1.20  (bu.) 

Fertilizers: 

11-48-0 

ton 

97.00 

33.5-0-0 

ton 

74.50 

23-23-0 

ton 

89.00 

27-14-0 

ton 

84.00 

16-20-0 

ton 

67.00 

46-0-0 

ton 

99.00 

16-48-0 

ton 

109.00 

Source:  Alberta  Department  of  Agriculture,  Agricultural 

Statistics  for  Alberta  (Edmonton:  ADA,  1961-66). 
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stubble,  (5)  oats,  (6)  flax,  (7)  rapeseed,  (8)  mustard, 

(9)  rye  fall,  (10)  mixed  grain,  (11)  tame  hay,  (12) 
greenfeed,  and  (13)  wheat  on  stubble  (with  higher  use 
of  fertilizer) . 

From  past  experience  the  most  popular  crops  are 
wheat,  barley,  and  oats,  which  respectively  covered 

65.5  per  cent,  15.0  per  cent,  and  5.4  per  cent  of  total 
cropped  area  in  1966.  The  main  cropping  rotation  in¬ 
volves  approximately  40  per  cent  of  cultivated  land  in 
summerf allow.  Based  on  the  sample,  percentage  of 
summerf allow  area  for  each  average  farm  size  or  stratum 
does  not  vary  by  more  than  5  per  cent.  By  observing 
actual  farm  records,  the  crop-summerf allow  composition, 
as  presented  in  Table  4,  was  derived.  This  information 
has  been  introduced  into  the  programming  constraints, 
which  means  that  percentage  of  stubble  acres  must  be  at 

i 

least  as  large  as  indicated  in  Table  4. 

Because  of  soil  erosion  by  wind  and  water,  flax, 
rapeseed,  and  mustard  seed  must  not  exceed  25  per  cent 
of  cropped  acres.  The  additional  crop  rotation  constraints 
were  assumed  according  to  accepted  crop  practices;  namely, 
tame  hay  was  restricted  to  25  per  cent  of  cultivated  acres, 
while  lower  limits  of  tame  hay  were  derived  from  the 
sample  farms  as  follows;  6,  3.5,  3.5,  2.0,  1.0,  1.0,  and 

2.5  per  cent  of  cultivated  acres  as  farm  size  in- 


■ 
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TABLE  4 

PERCENTAGE  OF  SUMMERFALLOW  AND  STUBBLE  FROM 
TOTAL  CULTIVATED  ACRES 


Farm  size3 

Range  of  Summer fallow  (%)  %  of  Stubble 

406 

27-32 

36 

832 

35-40 

21 

1203 

35-40 

21 

1623 

37-42 

16 

2031 

37-42 

15 

2524 

40-45 

12 

3707 

40-45 

12 

Cultivated  acres. 


TABLE  5 


CROP  ROTATION 

LIMITS 

FOR  DIFFERENT  FARM  SIZES  IN 

ACRES 

Activity 

1 

Composite  Farm  Sizes 

2  3  4  5 

6  7 

Tame  haya 

24 

29 

Tame  hay*5 

102 

208 

Flax, Rape  ,Must 

74 

135 

Stubble3 

146 

175 

Summer  fallow*5 

130 

333 

Summer fallow3 

110 

291 

Total  cultivated 
landc 

406 

832 

42 

33 

20 

25 

93 

301 

406 

508 

631 

927 

195 

256 

320 

378 

556 

252 

260 

305 

303 

445 

481 

681 

853 

1136 

1668 

421 

600 

752 

1010 

1483 

1203 

1623 

2031 

2524 

3707 

Upper  limit  CEqual 


a 


Lower  limit 
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creases.  The  resulting  crop  rotation  limits  are  shown  in 
Table  5. 

Constraints 

In  addition  to  crop  rotation  limits  listed  in  the 
previous  section,  the  operator's  labor  hours  (April,  May, 
June,  July,  August,  September,  October),  tractor  hours 
(May,  June) ,  and  combine  hours  (August,  September) ,  de¬ 
rived  from  farm  records,  were  assumed  as  resources  with 
constraints  in  the  linear  programming  model.  For  cal¬ 
culating  capacity  of  these  resources,  average  weather  con¬ 
ditions  have  been  taken  into  consideration,  according  to 
weather  coefficients  for  the  area  shown  in  Table  6. 

TABLE  6 


WEATHER  COEFFICIENTS  FOR  STUDY  AREA 


Month  c/ 

/o 

Weather  Coefficient 

of  Workable  Calendar  Days 

April 

0.77 

May 

0.71 

June 

0.65 

July 

0.71 

August 

0.70 

September 

0.74 

October 

0.87 

Source:  Canada  Department  of  Transport,  Monthly  Record 

Meteorological  Observation  in  Canada  (Ottawa: 
Queen's  Printer),  15  year  average,  1952-1966, 
as  calculated. 


. 


Labor  cost  was  estimated  at  $1.25  per  hour . ^ 
However,  labor  and  machinery  hour  constraints  are  in¬ 
volved  in  the  "buying"  activities.  For  example,  if 
labor  or  machinery  requirements  exceed  supply  (i . e . , 
constraints  to  fuller  utilization  of  land) ,  help  was 
hired  as  necessary  for  peak  seasons  at  $2.25  per  hour. 
If  tractor  and  combine  requirements  exceed  supply, 
custom  work  was  used.  Each  hour  of  tractor  and  combine 

custom  work  was  charged  at  $3.51  and  $15.25  respective- 
2 

ly.  The  hourly  wage  rate  is  considered  appropriate 
to  attract  seasonal  laborers  who  can  handle  the  equip¬ 
ment  on  these  farms.  .Past  experience  and  practices 
revealed  no  serious  difficulty  in  meeting  peak  seasonal 
labor  requirements  and  custom  work.  Moreover,  as 
shov/n  in  the  results,  these  requirements  are  quite 
small.  A  schedule  of  labor  and  machinery  hours  avail¬ 
able  is  shown  in  Table  7. 


^Canada  Dominion  Bureau  of  Statistics,  Canada 
Yearbook  (Ottawa:  Queen's  Printer,  1968). 

p 

Canada  Department  of  Agriculture,  Agricultural 
Machinery  Costs ,  Publication  1291  (Ottawa:  Queen's 
Printer,  1966) . 
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TABLE  7 

SUPPLY  OF  LABOR  AND  MACHINERY  RESOURCES  IN  HOURS 
FOR  DIFFERENT  FARM  SIZES 


Resources  Hours  for  Different  Farm  Sizes 


1 

2 

3 

4 

5 

6 

7 

Labor :. 

April 

189 

271 

277 

358 

422 

383 

496 

May 

192 

267 

275 

341 

440 

390 

473 

June 

160 

211 

273 

303 

356 

324 

419 

July 

246 

238 

330 

341 

462 

414 

473 

August 

234 

254 

326 

337 

434 

408 

466 

September 

249 

278 

300 

345 

517 

444 

477 

October 

205 

293 

300 

375 

457 

388 

537 

Tractor 

(May- June) 

560 

805 

875 

980 

1155 

1260 

1295 

Combine 

(Aug . -Sept. 

)  208 

200 

222 

241 

308 

370 

398 

Note:  Assumes  the  operator  will  work  10  hours  per  day. 

Fixed  Costs 

Annual  fixed  costs  vary  only  with  variations  in 
farm  size.  Hence,  they  are  constant  in  the  short  run. 

The  main  components  of  fixed  costs  are:  (1)  depreciation 

of  buildings  and  machinery,  (2)  investment  charge  on 
land,  machinery  and  buildings  at  6  per  cent,  and  (3)  land 
taxes.  Fixed  costs  are  based  on  actual  farm  records. 


. 
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suitably  adjusted.  The  value  of  land  is  estimated  at 
$100  for  every  farm  regardless  of  size,  for  this  factor 
would  strongly  influence  economies  of  size.  Likewise, 
land  taxes  were  charged  at  $1  per  acre.  Uniform  depre¬ 
ciation  rates  were  used  for  machinery  and  buildings.^ 

Variable  Costs  and  Coefficients 

Variable  costs  are  dependent  on  variations  in  the 
value  of  products  produced.  They  include:  (1)  fertilizer, 

chemicals,  and  seed,  (2)  labor  costs  of  operator,  seasonal 
family  labor,  and  hired  labor  (labor  is  paid  only  for 
hours  actually  worked).,  (3)  equipment  operating  costs 
including  fuel,  lubrication,  oil,  and  repairs,  and  (4) 
overhead  charges,  such  as  electricity  and  office  space 
estimated  at  11  per  cent  of  variable  costs,  based  on 
actual  farm  data. 

Variable  costs  had  to  be  constructed  for  alter¬ 
native  crops  on  a  per  acre  basis,  with  distinctions  made 
for  different  farm  sizes  according  to  size  of  farm 
machinery.  Consequently,  the  labor,  tractor,  and  combine 
requirements  per  acre  for  particular  crops  change  as  farm 
size  changes.  Actual  field  operations  were  used  as  a  basis 
for  these  coefficients.  They  are  shown  in  Table  8. 

^Canada  Department  of  Agriculture,  Agricultural 
Machinery "Costs ,  Publication  1291  (Ottawa:  Queen  's 
Printer ,  1966 ) . 
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TIMETABLE  FOR  CROP  CULTIVATION  PRACTICES 
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Specific  components  of  variable  costs  for  each 
production  activity  and  each  farm  size  are  presented  in 
Table  9.  Activity  No.  14  is  similar  to  activity  No.  2, 
except  that  higher  levels  of  fertilizer  were  used 
(wheat  on  stubble  was  chosen  because  of  availability  of 
data  for  the  area).^  Yields  for  both  activities  are 
determined  according  to  a  fertilizer  production  function 
calculated  from  cross-sectional  data  using  regression 
techniques : 

Y  =  15.26  +  . 2055N  -  .0015N2  +  .093P  -  .0009P2  -  .00012NP 
(.0154)  (.0002)  (.0154)  (.0002)  (.0001) 

R2  =  97.97, 

where,  Y  is  yield  in  bushels,  N  and  P  are  nitrogen  and 
phosphate  respectively  in  pounds  of  nutrients. 


^Data  obtained  from  the  Department  of  Soil  Science, 
University  of  Alberta. 
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The  results  of  the  fertilizer  production  function 
are  interpreted  in  Table  10. 

TABLE  10 


TWO  LEVELS  OF  FERTILIZER  USED  ON  WHEAT  ON  STUBBLE 

Wheat  on  Stubble 

Activity  No.  2  Activity  No.  14 

Nitrogen  30.13  lb.a  68.50  lb.b 

Phosphate  7.20  lb.a  51.72  lb.b 


Yields  20.68  bu.  24.27  bu. 

Gross  income  $33.95  $39.80 

Cost  of  fertilizer  $  3.90  $12.51 


aAverage  suggested  use  of  fertilizer  from  Alberta 
Department  of  Agriculture,  Guide  to  Fertilizer  . 
Use  in  Southern  Alberta,  Publication  541-1 
(Edmonton:  ADA,  1967) . 

bUse  of  fertilizer  when  marginal  product  of 
nitrogen  and  marginal  product  of  phosphate  are 
equal  to  zero. 


Linear  Programming  Tableau 

The  linear  programming  tableau  is  constructed  ac¬ 
cording  to  the  solution  techniques  described  earlier .  ^hThe 
coefficients  and  the  seven  PQ  columns  (constraints)  used 
in  the  tableau  appeared  in  previous  tables.  The  tableau  is 
presented  in  Table  11. 


LINEAR  PROGRAMMING  TABLEAU 
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Calculation  of  Income  Tax 

To  examine  the  impact  of  income  taxes  on 
economies  of  size,  two  alternative  tax  situations  were 
considered; 

1.  Corporation  income  tax : ^ 

a.  Federal  tax--The  tax  (including  the  3 
per  cent  old  age  security  tax)  is  21  per  cent  of  the 
first  $35,000  of  taxable  income,  plus  50  per  cent  of 
the  remaining  taxable  income, 

b.  Deduction  from  federal  tax--Federal 
tax  abatement  equal  to  10  per  cent  of  the  taxable  in¬ 
come  earned  in  the  provinces  of  Canada, 

c .  Provincial  income  tax--For  the 
province  of  Alberta  the  rate  was  9  per  cent  of  taxable 
income  in  1966, 

Other  minor  items  have  not  been  taken  into  account 
because  their  influence  was  considered  negligible  for  the 
purpose  of  relative  comparisons. 

Examination  of  the  data  reveals  that  only  two 
composite  farms  had  taxable  income  higher  than  $35,000, 


“^Canada  Department  of  National  Revenue,  Corpora¬ 
tion  Income  Tax  Information  (Ottawa:  Queen's  Printer, 
1966)  . 
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2.  Personal  income  tax:**" 

a.  Federal  tax  ("Basic  tax" ) --The  "Basic  Tax" 
is  determined  according  to  "Rates  of  Federal  Income  Tax"  as 
presented  in  Table  12. 

TABLE  12 

1966  RATES  OF  FEDERAL  INCOME  TAX 


Taxable  Income  Tax 


($) 


1,000  or  less 

11 

% 

1,000 

$  110 

+ 

14 

% 

on 

next 

$1,000 

2,000 

250 

+ 

17 

% 

on 

next 

1,000 

3,000 

420 

+ 

19 

% 

on 

next 

1,000 

4,000 

610 

+ 

22 

% 

on 

next 

2,000 

6,000 

1,050 

+ 

26 

Q. 

*© 

on 

next 

2,000 

8,000 

1,570 

+ 

30 

Q. 

*o 

on 

next 

2,000 

10,000 

2,170 

+ 

35 

% 

on 

next 

2,000 

12,000 

2,870 

+ 

40 

O. 

*o 

on 

next 

'3,000 

15,000 

4,070 

+ 

45 

a 

*o 

on 

next 

10,000 

25,000 

8,570 

+ 

50 

% 

on 

next 

15,000 

40,000 

16,070 

+ 

55 

Q, 

'O 

on 

next 

20,000 

60,000 

27,070 

+ 

60 

% 

on 

next 

30,000 

90,000 

45,070 

+ 

65 

% 

on 

next 

35,000 

125,000 

67,820 

+ 

70 

o. 

*o 

on 

next 

100,000 

225,000 

137,820 

+ 

75 

a 

on 

next 

175,000 

400,000 

269,070 

+ 

80 

% 

on  remainder 

"^Canada  Department  of  National  Revenue ,  1966  Tl 
General  Tax  Guide  (Ottawa:  Queen's  Printer,  1966). 


■ 
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b.  Federal  abatements--This  abatement  is 

applicable  to  all  individuals  who  are  liable  for  provincial 
income  tax.  The  maximum  abatement,  based  on  the  province 
of  residence  on  December  31,  1966,  is  at  the  following 
rate:  all  provinces  other  than  Quebec,  24  per  cent  of  the 

"Basic  Tax." 

c.  1966  tax  reduction- -This  abatement 
reflects  the  general  tax  reduction.  The  amount  of  this 
reduction  is:  if  your  "Basic  Tax"  is  $100  or  less,  the 
reduction  is  16  per  cent  of  "Basic  Tax";  if  your  "Basic 
Tax"  exceeds  $100,  the  reduction  is  $12  plus  4  per  cent  of 
"Basic  Tax"  (maximum  reduction,  $252) . 

d.  Old  age  security  tax--All  taxpayers  are 
subject  to  the  old  age  security  tax,  which  is  4  per  cent 
of  "Taxable  Income"  or  $120,  whichever  is  less. 

e.  Provincial  tax--Persons  resident  in  a 
province  other  than  Quebec  on  December  31,  1900’  r  and  who 
did  not  have  income  from  business  with  a  permanent  estab¬ 
lishment  outside  the  province  of  residence  are  liable  for 
provincial  income  tax  at  the  rate  of  24  per  cent  of  the 
"Basic  Tax"  for  Alberta. 

Because  more  attention  is  payed  to  the  relative 
comparison  of  taxes  rather  than  the  exact  level,  other  minor 
items  such  as:  personal  exemptions,  dividend  tax  credit. 
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and  federal  foreign  tax  credit  were  not  considered. 

As  illustrated  in  Figure  4,  the  corporation  tax 
is  constant  up  to  $35,000  taxable  income.  On  the  other 
hand,  noncorporation  income  tax  rates  are  progressive. 
Hence,  tax  payable  is  an  increasing  function  of  net  income. 


FIGURE  4 

AVERAGE  (EFFECTIVE)  RATES  OF  TAXATION  ON 
TAXABLE  INCOME,  CORPORATION  AND  INDIVIDUAL, 
FOR  ALBERTA,  1966 


TAX  RATE  (%) 


' 
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CHAPTER  VI 

EMPIRICAL  RESULTS 

The  primary  objectives  of  this  study  are  to 
analyze  efficiency  and  profit  for  Alberta  grain  farms  of 
different  sizes.  Seven  average  cost  curves  are  presented 
in  Figure  5 . 


Short  Run  Average  Cost  Curves 

Two  sets  of  short  run  average  cost  curves  were 
developed  to  analyze  cost-efficiency  relationships.  One 
includes  income  tax  as  a  cost;  the  other  does  not. 

As  the  volume  of  production  or  gross  income  is 

increased,  ail  cost  curves  decline  rapidly  at  first,  then 

level  off.  The  decline  results  from  the  spreading  of 

fixed  costs  over  more  units  of  output.  The  upswing  of 

the  curves  is  caused  by  exceeding  the  point  of  optimum 

land  utilization;  hence,  gross  income  can  be  expanded  only 

1 

by  inefficient  use  of  further  resources. 

The  income  tax  costs  do  not  have  a  substantial 


Inefficient  use  implies  that  output  has  been  ex¬ 
panded  past  the  point  where  costs  per  unit  are  lowest  for 
that  particular  size  of  plant. 
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effect  on  the  shape  of  the  short  run  average  curves.  Each 
short  run  average  cost  curve  was  computed  for  either  six  or 
seven  levels  of  gross  income,  depending  on  the  situation. 

Table  13  portrays  details  of  optimal  farm  plans  at  44  levels 
of  output  for  7  farm  sizes. 

Long  Run  Average  Cost  Curve 

Because  of  the  discontinuous  nature  of  the  short 

run  average  cost  curves,  the  long  run  average  cost  curve 

has  been  fitted  as  an  envelope  curve  to  represent  lowest 

cost  per  unit  of  output  as  farm  size  increases.'*'  The  en- 

2 

velope  curve  has  an  U-shape.  It  falls  rapidly  over  a 
relatively  short  range  of  output  and  then  becomes  virtually 
horizontal  over  a  long  range  as  gross  income  or  output 
increases.  The  lowest  point  on  the  long  run  curve  appears 
at  $34,000  of  gross  income.  The  stratum  with  an  average 
farm  size  of  1203  acres  was  the  optimum  or  most  efficient 
size,  even  when  income  tax  was  included  as  a  cost. 

This  size  of  farm  used  resources  more  efficiently 
than  all  other  sizes  studied.  Thus  the  analysis  indicates  that 
expansion  of  farm  production  beyond  $34,000  gross  sales 
results  in  reduced  efficiency  in  terms  of  cost  per  unit  of 
output.  However,  the  profit  (gross  income  minus  total  cost) 

■*"For  clarification  see  Chapter  Two,  p.  11  . 

p 

The  tangency  of  the  LAC  curve  with  SAC  curve  for 
the  406  acre  stratification  is  open  to  question  because  the 
tudy  does  not  quantify  unit  cost  for  gross  income  less  than 

9 , 000o 


' 


' 
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continues  to  rise  as  farm  size  increases  and  reaches'  its 
highest  level  for  the  largest  farm.  This  is  illustrated 
in  Figure  6  where  profit  is  indicated  on  the  right-hand 
vertical  axis. 

A  general  description  of  the  more  important 
characteristics  of  the  lowest  point  of  each  short  run 
cost  curve  for  the  alternative  cases  is  presented  in 
Table  14. 

The  Impact  of  Income  Tax’*’ 

Corporation  income  tax  rates  remain  constant  up  to 
$35,000  of  taxable  income.  Only  for  the  two  largest  farm 
sizes  did  taxable  income  exceed  this  amount.  By  introduc¬ 
ing  corporation  taxes  into  the  calculation  of  cost: revenue 
ratios,  the  long  run  average  cost  curve  is  raised  for 
relatively  large  output  levels,  but  the  optimum  level  of 

output  remains  the  same.  The  investment  was  charged  at  a 

2 

3.3  per  cent  net  rate  based  on  corporation  taxes,  which 
relates  to  case  C3  in  Table  14. 

The  analysis  shows  that  noncorporation  income  tax 
rules  explicitly  affect  the  long  run  average  cost  curve. 

^In  order  to  avoid  repeating  the  assumptions  of  taxa¬ 
tion,  the  reader  is  asked  to  refer  back  to  the  section  on 
Income  Tax  in  Chapter  Two. 

2 

This  is  clarified  in  Chapter  Two. 
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However,  optimum  output  level  and  thus  farm  size  remain 
the  same  when  the  net  opportunity  cost  for  farm  assets 
is  considered,  for  reasons  already  mentioned  in  Chapter 
Two. 


In  summary,  when  taxes  are  included  in  total 
cost,  the  long  run  average  cost  curve  is  substantially 
shifted  up  because  taxes  are  added  to  the  economic 
costs,  and  cost: revenue  ratios  have  thus  increased. 

This  relatively  erratic  impact  of  income  taxes  is  reduced 
in  a  more  realistic  situation  when  the  economic  cost  is 
reduced  by  charging  investment  at  an  opportunity  cost 
rate  of  less  than  6  per  cent,"*"  according  to  the  progres¬ 
sive  taxation  of  capital  assets  which  are  imposed  to 
taxation  as  well. 

The  five  alternative  situations  and  thus  five  LAC 
curves  are  presented  in  Figure  7,  where:  C^  represents 
the  conventional  LAC  curve  without  taxation;  C2  is  the 
LAC  curve  when  taxes  -  at  personal  rates  are  added  and  net 
opportunity  cost  interest  is  considered;  C^  is  the  LAC 
curve  including  corporation  taxes  and  net  opportunity 
cost  interest;  is  an  alternative  LAC  curve  including 

■hsiet  opportunity  cost  rates  gradually  decline  from 
3.5  per  cent  for  the  smallest  farm  to  1.9  per  cent  for 
the  largest  farm,  according  to  progressive  taxation  on 
capital  assets. 


ALTERNATIVE  LONG  RUN  AVERAGE  COST  CURVES 
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individual  taxes  and  opportunity  cost  at  the  full  (6 
per  cent)  interest  rate;  and  finally,  is  the  LAC 
curve  including  corporation  taxes  at  the  full  oppor¬ 
tunity  cost  interest  rate. 
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CHAPTER  VII 

SUMMARY  AND  CONCLUSIONS 

The  main  purpose  of  this  study  was  to  determine 
cost-size  relationships  for  Alberta  grain  farms.  The 
synthetic  firm  approach,  combined  with  composite  farm 
method  from  actual  farm  records,  was  used  in  the  analy¬ 
sis.  Farm  acreage  and  fixed  cost  represent  farm  size, 
which  was  assumed  fixed  for  the  short  run.  Gross  income 
was  used  as  the  measure  of  output,  and  unit  cost  was 
represented  by  cost: revenue  ratio.  Linear  programming 
was  employed  to  determine  the  least-cost  farm  plan. 

Short  run  average  cost  curves  were  calculated  for  each 
average  farm  size  at  several  levels  of  output,  and  an 
envelope  curve  was  developed  from  these  short  run  curves 
to  represent  unit  cost  efficiencies  for  various  farm 
sizes . 


From  the  observed  data,  the  smallest  farms  appeared 
to  have  high  unit  costs,  but  these  fell  rapidly  as  farm 
size  increased.  A  two  section  grain  farm  with  about  $34,000 
gross  income  has  the  lowest  unit  cost  of  all  the  observed 
sizes,  although  these  unit  costs  changed  surprisingly  little 
from  the  smallest  farm  of  406  acres  to  the  largest  with  3707 
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acres.  This  could  indicate  that  once  a  certain  farm  size 
is  reached,  unit  cost  efficiencies  or  economies  of  size  do 
not  change  substantially  and,  therefore,  social  goals  of 
maintaining  relatively  small  farms  may  not  be  costly  in 
terms  of  economic  costs.  It  would  be  dangerous,  however, 
to  base  policy  on  such  conclusions  before  further  research 
is  done.  For  agricultural  policy  makers,  the  rather  flat 
long  run  cost  curve  over  a  large  range  of  grain  farm  sizes 
may  be  of  considerable  interest. 

The  reasons  for  cost  economies  being  achieved  at 
relatively  small  farm  sizes  (2  sections)  are  not  easily 
identifiable.  One  reason  may  be  that  there  are  virtually 
no  economies  in  equipment  costs  per  acre,  once  an  average 
size  complement  of  equipment  is  fully  utilized.  Equipment 
prices  appear  to  be  linearly  priced,  and  in  fact  capital 
costs  of  equipment  per  acre  may  increase  when  four  wheel 
drive  tractors  and  multiple  hitch  equipment  is  required. 


Although  most  researchers  use  the  decreasing  cost 
section  of  the  smallest  SAC  curve  along  with  LAC  curve,  this 
can  be  questioned.  Unit  cost  analysis  for  smaller  farms 
might  change  the  direction  of  the  LAC  curve  for  very  small 
farm  sizes.  However,  the  data  for  such  small  farm  sizes  was 
not  available.  It  is  reasonable  to  assume  that  farms  smaller 
than  the  smallest  size  observed  in  this  analysis,  would  not 
only  be  high  unit  cost  farms  unable  to  compete,  but  are  also 
too  small  to  provide  full  time  farming  employment  for  an 
operator. 
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Furthermore  ,  present  managerial  capabilities  may  not  be 
able  to  cope  with  the  increased  management  complexities 
as  farms  grow  larger,  thus  perhaps  resulting  in  increased 
costs  of  supervision,  even  though  labor  requirements  may 
fall. 


The  profit  increased  as  farm  size  became  larger. 

It  is  obvious  that  large  farms  with  large  gross  incomes 
can  have  greater  profits  than  smaller  farms,  regardless 
of  efficiency.  Thus,  efficiency  from  the  societal  view¬ 
point  in  terms  of  minimum  unit  costs  may  conflict  with 
goals  of  individual  farmers  in  terms  of  the  most  desir¬ 
able  farm  size. 

The  effects  of  individual,  as  well  as  corporation, 
income  tax  were  observed.  With  the  introduction  of  taxes 
into  the  analysis,  the  average  cost  curve  became  relative¬ 
ly  higher  in  the  case  where  full  (6  per  cent)  interest 
rates  were  used  because  income  tax  was  added  to  the  total 
cost.  The  optimum  size  remained  the  same,  but  the  cost: 
revenue  ratio  increased  slightly  more  for  larger  firms. 
Generally  speaking,  progressive  noncorporate  taxation 
caused  diseconomies  of  size.  This  was  also  the  case  for 
corporate  tax  rates,  though  only  for  larger  outputs 
exceeding  a  taxable  income  of  $35,000. 


Empirical  results  indicate  that  progressive  taxa- 
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tion  has  a  tendency  to  reduce  optimum  output  level  and  dis¬ 
courage  larger  farm  owners  with  100  per  cent  equity,  though 
in  this  study  the  impact  of  taxes  is  also  slightly  reduced 
by  net  opportunity  cost  of  capital  investment  due  to 
taxation.  Larger  owner-operators  with  equity  less  than 
100  per  cent  may  benefit  from  the  existing  progressive 
taxation  policy.  This  emphasizes  the  point  that  one 
component  of  growth  is  to  be  in  debt  so  that  interest  costs 
are  tax  deductible.  Incorporation  must  also  be  considered 
if  tax  diseconomies  are  to  be  partly  removed. 

This  study  verifies  one  crucial  question:  "Is  the 
trend  of  increasing  average  farm  size  in  Alberta  farming 
necessary  for  efficient  production?"  The  answer  to  this 
particular  question  seems  to  be  yes,  at  least  up  to  the 
size  that  appears  to  provide  maximum  efficiency  under 
present  technology  and  management. 

Of  course,  other  questions  are  raised.  If  the 
suggested  average  farm  size  of  1203  acres  were  achieved 
in  Census  Division  5  what  would  be  the  costs  to  society 
regarding,  for  example,  the  changing  infrastructure  of 
rural  communities?  Using  1966  census  data,  the  number  of 
farms  in  Census  Division  5  would  then  drop  by  approxi¬ 
mately  25  per  cent.  The  same  trends  and  problems  would 
likely  exist  for  all  of  Alberta.  However,  this  is  beyond 
the  scope  of  the  present  study  and  can  be  analyzed  in 
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further  research. 

From  results  of  this  study  as  well  as  historical 
trends,  it  appears  certain  that  these  trends  will  continue, 
as  managerial  ability  and  farm  technology  changes.  This 
will  change  the  structure  of  Canadian  farming  from  small 
family  units  to  more  efficient,  and  larger,  commeric  ial 
farms.  But  there  is  no  reason  to  believe  that  farms  will 
eventually  be  so  large  and  so  few  that  any  one  alone 
could  influence  volume  of  output  and  price.  Agriculture 
will,  in  all  likelihood,  remain  an  industry  with  a  large 
number  of  firms,  though  fewer  than  now. 
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